Objective To assess the feasibility of measuring maternal mortality in countries lacking accurate birth and death registration through national population censuses by a detailed evaluation of such data for three Latin American countries. Methods We used established demographic techniques, including the general growth balance method, to evaluate the completeness and coverage of the household death data obtained through population censuses. We also compared parity to cumulative fertility data to evaluate the coverage of recent household births. After evaluating the data and adjusting it as necessary, we calculated pregnancyrelated mortality ratios (PRMRs) per 100 000 live births and used them to estimate maternal mortality. Findings The PRMRs for Honduras (2001), Nicaragua (2005) and Paraguay (2002) were 168, 95 and 178 per 100 000 live births, respectively. Surprisingly, evaluation of the data for Nicaragua and Paraguay showed overreporting of adult deaths, so a downward adjustment of 20% to 30% was required. In Honduras, the number of adult female deaths required substantial upward adjustment. The number of live births needed minimal adjustment. The adjusted PRMR estimates are broadly consistent with existing estimates of maternal mortality from various data sources, though the comparison varies by source. Conclusion Census data can be used to measure pregnancy-related mortality as a proxy for maternal mortality in countries with poor death registration. However, because our data were obtained from countries with reasonably good statistical systems and literate populations, we cannot be certain the methods employed in the study will be equally useful in more challenging environments. Our data evaluation and adjustment methods worked, but with considerable uncertainty. Ways of quantifying this uncertainty are needed.
Introduction
High maternal mortality in developing countries is considered a major public health problem. The issue is of high priority on the international community's public health agenda, as shown by the fact that reducing maternal mortality is the target of UN Millennium Development Goal 5. 1 The difficulties in measuring maternal mortality have been amply documented elsewhere, [2] [3] [4] and there is no consensus as to what method is best. The following factors should be considered in choosing a method: the completeness and quality of civil registration; the content and sample size of upcoming national population health surveys; the proportion of births taking place in health facilities; and the completeness and quality of routine health information systems. Recently, greater interest has been shown in using data from the population census to measure maternal mortality, and such use is likely to increase in the future as a result of the endorsement of this method by the United Nations Principles and Recommendations for Population and Housing Censuses. 5 In attempts to achieve greater accuracy, in the 1980s methods were developed for evaluating and adjusting population census data on household deaths in a defined reference period. [6] [7] [8] [9] As a result, in the 1990 census round several countries included questions intended to ascertain if any women of reproductive age had died during pregnancy or within a defined period post-partum, usually 6 weeks. The purpose was to make it possible to estimate pregnancy-related mortality. Data from five of these censuses were analysed in 1999. 10 The census-based methods that have been developed have several advantages. They yield a greater number of reported pregnancy-related deaths than sample surveys, which makes it possible to analyse differentials. Furthermore, they provide the necessary information for evaluating coverage. But they have disadvantages as well. The number of deaths reported is often biased (generally downwards). Because they are infrequent, censuses cannot be used for routine monitoring. Finally, census-based methods identify pregnancy-related deaths (all deaths occurring during pregnancy and up to 42 days after pregnancy ends), rather than maternal deaths (deaths occurring during pregnancy and up to 42 days after pregnancy ends from any cause related to or aggravated by the pregnancy or its management, but not from incidental causes) 11 . Therefore, pregnancy-related deaths overestimate true maternal deaths, though failure to report a death as pregnancy-related (as occurs, for example, with deaths from induced abortion) may in practice bring the numbers closer together. 12, 13 In the 2000 census round, a larger number of countries -Honduras, Nicaragua and Paraguay among them -included questions on the timing of household deaths in relation to pregnancy. This paper analyses the data from these three countries to draw lessons regarding the feasibility of using pregnancy-related deaths to assess maternal deaths. Throughout the paper we refer to "pregnancy-related deaths" when identified as such in the censuses; we do not call such deaths "maternal" (as is done in the Demographic and Health Surveys 14 and the WHO global estimates of maternal mortality). [15] [16] [17] [18] In the discussion section we describe the relationship that probably exists between pregnancy-related deaths and maternal deaths.
This paper supplements the 1999 analysis in two ways: the countries included are in Latin America, a region not previously covered, and alternative data sources provide additional opportunities to evaluate the results.
Methods
To estimate the pregnancy-related mortality ratio (PRMR) from census figures, three types of data are needed: the number of deaths among women of reproductive age, the proportion of those deaths that are pregnancy-related, and the number of births in the period during which the deaths occurred. The estimation also calls for evaluation methods specific to each type of data. Data needs are: (i) age and sex distributions from two censuses separated by not more than 15 years; (ii) household deaths by age and sex for a defined time period before one or both of the censuses; (iii) for deaths of women of reproductive age, whether the woman was pregnant or within 6 weeks of the end of a pregnancy when she died; and (iv) information on births by age of mother in a defined time period before one or both of the censuses, together with information about the number of children ever born to each woman. Table 1 describes the data obtained from the censuses in Honduras, Nicaragua and Paraguay. The question on household deaths in Honduras and Paraguay referred to deaths during the calendar year (January to December) before the census. Although the question clearly defined the reference period, it may have led to more recall error than a question on the deaths that occurred over the 12 months before the census. The question in Nicaragua referred to deaths between January 2004 and the date the census was conducted in 2005, a period of about 17 months. We used all the deaths in the analysis but adjusted the results by a ratio of 12:17 to correspond approximately to a 12-month period. The few cases for which information about sex or age at death was missing were distributed proportionately.
Coverage of female deaths
Several methods based on equations of population dynamics have been developed to evaluate how well reported deaths cover the population. [6] [7] [8] In this study we used the general growth balance (GGB) method, 8 derived from the demographic balancing equation, according to which the growth rate of the population equals the difference between its entry and exit rates. 19 The method, described in detail elsewhere, 20 compares the observed death (exit) rates for open-ended groups x years of age and over to residual estimates (entry rates minus growth rates) of the corresponding death rates derived from census age distributions alone. The method depends on having two census counts from which age-specific intercensal growth rates can be calculated. Key assumptions are that: (i) the population is closed to migration; (ii) the completeness of recording of the deaths is constant across ages; (iii) the completeness of recording of the population is constant across ages; and (iv) the ages of the living and dead are reported without error. It should be noted that the method compares the age distribution of the deaths (typically reported only at the second census) to the intercensal population change; thus, strictly speaking, it estimates the completeness of recording between censuses, not at the beginning or end of the intercensal period. To avoid distortions in age distribution, we estimated the average age distribution of intercensal deaths by first calculating age-specific mortality rates using the deaths by age and population by age from the second census, and then applying those rates to estimates of the intercensal age distribution (see the Discussion section for the consequences of this approach). The assumption that the population is closed to migration is important for the three countries studied because each has experienced recent net emigration. The method uses information on deaths and growth rates for open-ended groups x years of age and over for a series of ages x. If there is some age x above which net migration is negligible, the performance of the method above that age will be unaffected.
Pregnancy-related deaths
No formal methods exist for evaluating the proportion of deaths reported to be pregnancy-related; one less formal way is to assess the plausibility of the pattern of the proportions of pregnancy-related deaths for women at different ages. Since the risk of dying in pregnancy or shortly after is related to the proportion of women who are pregnant during the reference period, pregnancyrelated deaths should approximately
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follow the fertility pattern by age in the population.
Recorded births
Brass proposed a method 6 for assessing the completeness of the recording of births by comparing cumulated agespecific fertility rates, equivalent to lifetime fertility for a synthetic cohort, to women's reports of lifetime fertility. As originally developed, the method was based on the assumption of constant fertility. When information on lifetime fertility is available for two or more time points, this assumption can be relaxed; cumulated current fertility can instead be compared to cumulated cohort parity increments from one census to the next. 21, 22 All three countries studied here included questions on children ever born in both censuses analysed, and they experienced substantial fertility change in recent decades. We therefore applied the intercensal method 22 to evaluate the reporting of births.
Results
The performance of the method for evaluating the coverage of deaths is best portrayed graphically. ended age groups should all lie on a straight line. Fig. 1 , Fig. 2 and Fig. 3 confirm the concern about net emigration: the points for all three countries are distinctly irregular at younger ages (the points close to the origin represent younger ages, in which death rates are lowest), and the intercepts are all greater than zero, indicating higher coverage in the first census than in the second, consistent with net intercensal emigration. Fig. 1 , Fig. 2 and Fig. 3 suggest, however, that the distortion resulting from migration is small above the age of 35 years. Therefore, we focused on the adjustment factors indicated by the points in this age range. The results are surprising. For Honduras, we estimated that deaths were underreported by about one-third. Underreporting is not unusual in census questions about household deaths, but it is rarely this high. For Nicaragua and Paraguay, we estimated deaths to be overreported by about 20% to 30% (even after adjusting deaths from the 2005 Nicaragua census to approximate a 12-month period). We have no explanation for this apparent overreporting of deaths in Nicaragua, unless perhaps some deaths among the substantial Nicaraguan population living in Costa Rica were reported. The census questions in Paraguay pertained to deaths in one calendar year (though the year in question, 2001, had ended around 8 months before the census date in July 2002). We explored the possibility that the question was misunderstood to refer to all deaths since the beginning of 2001, gua and Paraguay, respectively. The slope of the straight line fitted to the points estimates the adjustment factor needed to make the observed death rates consistent with the residual estimates of the death rate based on the recorded population, whereas the intercept provides an estimate of change in population coverage from one census to the next. Table 2 summarizes the parameters (intercept and slope) of the straight lines fitted by orthogonal regression to two sets of points: those for open-ended age groups 5+ to 75+ years and those for 35+ to 75+ years.
If the method's assumptions are met, the points for different open-yet this seems unlikely since for January to July, the months that would have been duplicated, the number of deaths was not consistently excessive when compared with the number for August to December.
We used the slopes shown in Table 2, fitted to the open-ended age groups 35+ to 75+ years, to adjust the intercensal numbers of deaths of women 15-49 years of age. The mortality rates based on these adjusted numbers were used to calculate the probabilities of dying between ages 15 and 60 ( 45 q 15 ) ( Table 2) . These probabilities were then compared as a plausibility check to estimates prepared by the Economic Commission for Latin America and the Caribbean (CELADE) 23 (not shown). The estimates for Honduras and Paraguay were fairly close, whereas our estimate of 45 q 15 for Nicaragua was 0.097, lower than the CELADE estimate of 0.169.
The observed proportions of deaths that were pregnancy-related (PDPRs) among adult females for Honduras, Nicaragua and Paraguay were 10.4%, 8.5% and 10.7%, respectively. As a plausibility check, the PDPR in each age group was compared to the proportion of births reported for that age group; if the risks of pregnancy-related death do not vary with age, the two patterns should be the same. These data are essentially independent and are collected in separate parts of the census questionnaires. Fig. 4 shows the ratio of the dropped from 21% in 1990 to 12% in 1997. 19, 26 Thus, the census estimate of a PDPR of 10.4% for 2001 is consistent with the survey data, if one assumes a continued gradual decline after 1997. Table 3 shows the plausibility checks for fertility in terms of the ratios of cumulated current to synthetic lifetime fertility. For Honduras, the ratios were remarkably close to 1 and varied little with age; minimal adjustment was required. For Paraguay, the ratios were fairly constant with age, especially after the age of 25 years, but they suggest the need for a slight upward adjustment of about 3% to recent fertility. For Nicaragua, the data are less satisfactory; women aged 40-44 years in 2005 reported fewer children ever born, on average, than the same cohort at ages 30-34 years in 1995, and the data also suggest some omissions by women in their thirties in 2005. As a result, the ratios are low above the age of 30; we focused on the ratios for women in their twenties, which suggested the need to adjust recent fertility downwards by approximately 2.5%.
The PRMR is the number of pregnancy-related deaths (multiplied by 100 000) divided by the number of live births. To arrive at the final calculation for each country (Table 4) , the number of deaths of women 15-49 years of age was adjusted for estimated coverage, multiplied by the (unadjusted) PDPR, and then divided by an adjusted number of live births. The PRMRs for Honduras and Paraguay were virtually the same -168 and 178 per 100 000 live births, proportion of maternal deaths to the proportion of births for each age group from 15-19 and 45-49 years. These ratios are slightly below 1.0 up to the age of 30 years but rise steeply at older ages (particularly for Nicaragua). This pattern is plausible, since it is in accord with the widely-observed pattern of a relatively low risk of maternal death up to the age of 30 and a subsequent steep rise. 24, 25 A second check is available in the case of Honduras, where reproductive age mortality surveys (RAMOS) that measured PDPR were conducted in both 1990 and 1997. According to the final report of the second survey, the PDPR
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respectively -whereas Nicaragua was estimated to have the lowest value, 95 per 100 000 live births.
Discussion
This analysis has touched on several issues that merit further discussion, particularly since the methods employed are being promoted for use in the 2010 round of censuses. The first issue is how well the method used to adjust the deaths reported in the censuses works. When applied to accurate data for developed countries, the method seems to work, on average, but with considerable uncertainty. 26 This is a concern, given that deaths were adjusted upwards by a substantial amount in Honduras, but downwards in both Nicaragua and Paraguay. Further work to gauge the uncertainty surrounding these adjustment methods is needed. A further concern relates to the plausibility of the magnitude of the adjustments made to the reported deaths. For example, the adjustment for Honduras increased by more than 50% the reported number of deaths of women of reproductive age. Given this large adjustment, is the assumption that the reported deaths follow the same age pattern as all deaths a plausible one? Any major departure from proportionality should give rise to curvature in the relationship between observed and residual death rates in Fig. 1, Fig. 2 and Fig. 3 . and would thus be clearly visible from the graphs. Although the possibility of subtly compensatory errors cannot be ruled out, it seems unlikely.
For Nicaragua and Paraguay, the evaluation methods suggest an overreporting of deaths by as much as 20% to 30%, respectively. In Paraguay, use of a reference period that ended some 8 months before the census enumeration may have caused confusion. However, as noted earlier, the number of deaths from January to July (the duplicated months) was only marginally higher, on average, than the remaining months of the year.
A second issue warranting further discussion is the assumption that the number of deaths reported as pregnancyrelated approximates the number of true maternal deaths. In the absence of highquality prospective studies with accurate cause of death ascertainment, the truth of this assumption cannot be verified. In a large retrospective survey in Bangladesh in which a verbal autopsy instrument was used to identify the causes of female deaths in the 3 years before the survey, 85% of reported pregnancy-related deaths were found to be maternal, 25 but unreported pregnancy-related deaths could not be identified despite the use of verbal autopsy methods. The two RAMOS in Honduras reported that of all pregnancy-related deaths in 1990 and 1997, 85% and 71% were maternal, respectively. 27 Thus, even when the 1997 value for Honduras is used, over 70% of pregnancy-related deaths are maternal, and the correspondence between census-recorded pregnancyrelated deaths and true maternal deaths is probably substantially closer since some pregnancy-related deaths are probably not reported as such in the census.
A third issue worth examining is the reference period of the estimates. Although in all our analyses we used the household deaths reported as having occurred in the year or so that preceded the most recent census, the GGB coverage is evaluated in light of the population change between two censuses. Thus, the resulting correction factor should be considered an adjustment of the recorded death rates to account for the apparent intercensal population loss. On the other hand, the information on pregnancy-related deaths relates specifically to the year or so before the most recent census, not the intercensal period. We are thus unable to achieve perfect consistency. We can adjust the number of deaths to represent intercensal mortality, but we have no comparable proportion of pregnancy-related deaths. We compromise by assuming that all-cause age-specific
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A similar problem applies to births. We used lifetime fertility data from both recent censuses to apply a version of the parity:fertility ratio method that is unaffected by fertility trends. However, the method estimated intercensal fertility, not fertility at the time of the second census. Fortunately, the results obtained by applying the method suggest that the census fertility data for each country are of very high quality (with the exception of children ever born to older women in the 2005 census in Nicaragua). We therefore considered it reasonable to estimate births at the time of the census by applying the small adjustments to the number of births recorded by the most recent census.
Also worth discussing is how well the estimates obtained agree with information from other sources regarding maternal mortality for the three countries. Table 5 shows how our estimated PRMRs compare with estimated maternal mortality ratios (MMRs) prepared by international agencies 18, 28 and, in the case of Honduras, with the results of the RAMOS. 26 For Paraguay, estimates from the census, WHO and the Pan American Health Organization (PAHO) are almost identical (178, 170 and 182, respectively). For Nicaragua, the census estimate (95) is less than half the WHO estimate for 2000 (230) but almost identical to the estimate reported to PAHO by the country (96). 18, 28 The comparison of our results for Honduras with the two national RAMOS is the most interesting. 26 Such surveys are often regarded as the gold standard, since they attempt to identify every death of a woman of reproductive age in a given reference period and to ascertain whether the death was maternal. As noted above, the proportions of pregnancy-related deaths from the two surveys are consistent with data from the census. However, the census estimate of the PRMR for 2001 (168) is somewhat higher than the 1997 PRMR estimate (147) and substantially higher than the 1997 MMR estimate (108). A comparison of the census and survey estimates indicates that the PRMRs differ primarily because our analysis yielded a substantially lower estimate for the number of births (170 889) than the 1997 survey (190 887); the numbers of pregnancy-related deaths are virtually identical. The estimated MMRs differ by a larger amount because we assume that the PRMR approximates the MMR, whereas in the 1997 RAMOS, less than 75% of pregnancy-related deaths were identified as maternal (a figure substantially and surprisingly lower than that from the 1990 RAMOS only 7 years earlier).
Our estimates are thus quite similar to other estimates for Paraguay, higher than other estimates for Honduras (at least in terms of MMR), and substantially lower than other estimates for Nicaragua. It may surprise health experts in Latin America that Nicaragua should have lower maternal and overall female mortality than Honduras and Paraguay. However, the diagnostic exercises carried out in our analysis did not suggest the presence of special problems in Nicaragua, so in the absence of gold standard estimates, we cannot dismiss the estimates obtained for that country.
Conclusion
Our analysis suggests that in countries where civil registration data are incomplete, it is feasible to obtain an approximate indicator of maternal mortality with supplementary questions about deaths of women of reproductive age and about the timing of the deaths relative to pregnancy. Although data sources such as the Demographic and Health Surveys have improved our knowledge of process indicators related to maternal mortality, such as institutional deliveries or skilled attendant at delivery, the estimates of maternal mortality have been disappointing. 29, 30 Census data may also provide a unique opportunity to study regional or socioeconomic differentials in maternal mortality, an advantage not offered by estimates from sibling-based methods such as those used by the Demographic and Health Surveys. It is clear, however, that additional validation of this method (for example, in demographic surveillance sites) could lead to increased accuracy of 
Resumen
Estimación de la mortalidad relacionada con el embarazo a partir de datos del censo: experiencia en América Latina
Objetivo Determinar las posibilidades de medir adecuadamente la mortalidad materna en los países que carecen de registros precisos de nacimiento y defunción a través de los censos de población nacionales, procediendo para ello a evaluar los datos de ese tipo en tres países latinoamericanos. Métodos Utilizamos técnicas demográficas consagradas, en particular el método de la distribución por edad de las muertes (growth balance), para evaluar la completud y cobertura de los datos sobre defunciones en el hogar obtenidos mediante los censos de población. Además, comparamos los datos sobre el número de partos y la fecundidad acumulada para evaluar la cobertura de nacimientos recientes en los hogares. Tras evaluar los datos y realizar los ajustes necesarios, calculamos las razones de mortalidad relacionada con el embarazo (RMRE) por 100 000 nacidos vivos, y a partir de ellas se estimó la mortalidad materna.
Resultados Las RMRE para Honduras (2001), Nicaragua (2005) y el Paraguay (2002) fueron de 168, 95 y 178 por 100 000 nacidos vivos, respectivamente. Sorprendentemente, al evaluar los datos correspondientes a Nicaragua y el Paraguay se detectó una sobrenotificación de defunciones de adultos, lo que obligó a realizar un ajuste a la baja del 20%-30%. En el caso de Honduras, fue necesario un ajuste al alza sustancial del número de defunciones de mujeres adultas. El número de nacidos vivos requirió sólo un ajuste mínimo. Las estimaciones ajustadas de la RMRE se corresponden en general con las estimaciones actuales de la mortalidad materna procedentes de diversas fuentes de datos, aunque hay diferencias según la fuente. Conclusión Es posible utilizar datos del censo para medir la mortalidad relacionada con el embarazo como indicador sustitutivo de la mortalidad materna en los países con registros de defunción deficientes. Sin embargo, dado que nuestros datos se obtuvieron en países con sistemas estadísticos razonablemente buenos y una población alfabetizada, no podemos afirmar con seguridad que los métodos empleados en el estudio sean igualmente útiles en otros entornos más problemáticos. Nuestros métodos de evaluación y ajuste de los datos funcionaron, pero con una incertidumbre considerable. Se requieren métodos que permitan cuantificar esa incertidumbre.
